SOIME of the enthusiasm of a few years
ago about the value of spatial vectorcardiograms in clinical diagnosis has died down recently and is being replaced by studies being carried out by competent groups or individuals, including both biophysicists and physicians, in an attempt to answer some of the basic questions that must be satisfactorily settled before vect orcardiography (anl be considered to be much of a science.
Everyone would agree that vectorcardiograms should be taken with leads or lead systems that give good representations of the cardiac electromotive forces (e.m.f.'s) in transverse, vertical, and sagittal directions, but there is no general agreement regarding which, if any, of the several methods proposed for the purpose are satisfactory. The sentiment seems to be increasing that neither the original scheme proposed by Duchosal and SuIzer' and modified by Grishman and associates nor the tetrahedron employed by Burch and Inspection of figure 1 indicates that the general course of the lead field through the heart is anteroposterior in direction and, except for the apical region where some curvature is present, the electrode system in question would have excellent sensitivity for desired sagittal components and little for vertical components of cardiac voltages. The concentration of lead-field lines near the apex suggests that this electrode system would record an e.m.f. located in this region with somewhat greater amplitude than an equal and similarly oriented e.m.f. located higher in the heart. It must be remembered, however, that curvature and lack of uniformity in the lead field in the model are due entirely to assumed differences in conductivity between areas that represent the heart and great vessels, the lungs, and subcutaneous tissues, and it is likely that such large differences do not exist in living human subjects. Furthermore, studies bearing on this point done with fluid mappers by McFee, Stow, and .Johnston7 suggest that variations in tissue conductivity have only minor effects on the character of the lead field within the heart.
If a model like figure 1 is made, using a horizontal section through the middle of the heart, instead of the sagittal view, and if the lead field is obtained with nine equally spaced and similarly connected electrodes over the anterior and posterior cardiac areas, the field will again be essentially anteroposterior in direction and reasonably uniform. It is clear that the ideal lead for the sagittal component in human subjects should be some sort of multiple electrode or grid system, and only details remain to be decided. Some of the questions to be settled are: How many electrodes will be required, and how should they be arranged on the precordium and on the left posterior chest? What should be the size of the resistances connected to the individual chest electrodes and to the common anterior and posterior lead terminals? Finally, can some scheme be devised for application of the multiple electrode arrangement that will be simple and quick? The balance of this paper is largely concerned with these matters.
A few words should be said about the use of large, thin, flexible metal plates rather than multiple small electrodes (connected to single terminals through large resistances) for the anterior and posterior electrodes. At first sight this type of arrangement might seem ideal, and something of this kind may be shown to be useful. The big problem is, of course, to be sure whether such electrodes have a uniform contact resistance over their entire surface. Even with careful preparation of the skin over which the electrode is placed, there is no certainty that even approximately uniform resistance is obtained, and there is no direct way to test figure 3 was employed. The anterior and posterior electrode systems were alike; each consisted of a rectangular piece of sponge rubber measuring 10 by 12 inches, in which nine rows of brass machine screws were mounted with the heads (the contact electrodes) 1 inch apart. Seven screws were used in each row, so that a total of 63 electrodes were available for both anterior and posterior grid arrangements. Each electrode was connected through a resistance of 1,000,000 £ to a common terminal. A second piece of sponge rubber of the same size was fastened to the first to protect the wires soldered to the shanks of the machine screws and provide a certain amount of "give" when the electrodes were placed on the chest. Before the electrodes were applied, the skin was prepared by rubbing with alcohol, followed by ether. After electrode paste was applied to the head of each machine screw, the entire unit was placed on the left anterior and posterior chest with the electrodes centered as well as possible over the cardiac areas. Good contact with the posterior electrodes was assured by having the patient lie on them. Several strips of wide gauze wrapped around the subject and electrode assemblies and sand bags over the anterior unit provided good approximation between the anterior electrodes and the precordiurn. Impressions of each electrode in the skin after removal of the assemblies were evidence of good contact. Although we anticipated some difficulty with this electrode arrangement, none occurred in any of the 18 subjects on whom it was used. The resistance measured between two corresponding individual electrodes was quite variable but averaged around 50,000 2, and the resistance of the full grid (including the 1 meg.ohm resistances) was around 100,000 P2.
In the second group of subjects, like the first, electrocardiograms were taken with all electrodes in the circuit, and then tracings were taken as the number of active electrodes was decreased in both anterior and posterior grids.
All electrocardiograms were taken with a Sanborn Twin-Beam Electrocardiograph, and a simultaneous limb lead, usually lead II, was recorded with each sagittal lead. The effect of meducing the number of active electrodes from the full grids could have been studied in each group of patients by recording vectorcardiograms in the horizontal and sagittal planes, and a few such records were taken. It was thought, however, that the simplest way to find out how many electrodes must be used in both anterior and posterior grids was to study the changes in conventional electrocardiograms representing the sagit- Figure 4 shows records taken from a patient in each group illustrating the effect of decreasing the number of electrodes in the anterior grids. In figure 4A changes in form and amplitude are obvious on inspection, as the number of electrodes was decreased from the full grid of 15. On the other hand, in figure  4B there is little change in the sagittal electrocardiogram when the full grid of 63 electrodes was reduced to 16, the smallest number employed in this group. Tables 1 and 2 
